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Inoperative and firt le«^ is 
operative. A deiedtk»^ (323) is coupled to the 

nozzles for detecting ttie inoperative n^ A computer 
(90) is connected to the detection system for re-assign- 
ing printing function of. the Inoperative rtbzzle tp the 
operative nozzle, so thai a suitaiUe .outp^ image is 
printed altiiough some nozzles are inoperative. 
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Description 

BACKGROUND OF THE INVENTION 

[0001 ] This invention generally relates to ink jet printer 5 
apparatus arKi methods and more particularly relates to 
an ink jet printer and method of compensating for malp- 
erforming or inoperative ink nozzles in a print head, so 
that high quality images are printed although some ink 
nozzles are malperforming or inoperative. io 
[0002] An ink jet printer produces images on a 
receiver by ejecting ink droplets onto the receiver in an 
imagewise feshion. The advantages of non-impact, low- 
noise, low energy use. and low cost operation in addi^ 
tibn to the capakDility of the printer to print on plain paper is 
are largely responsit^le for the wMe acceptance of ink jet 
printers in the marketplace 

[0003] It is known that quality printing by an ink jet 
printer requires repeated ejection of ink droplets from 
ink nozzles in the printer's print head. However, some of 20 
these ink nozzles may fiialperform. That is. some ink 
nozzles may indeed eject ink droplets; however, the ink 
droplets are ejected afong a trajectory deviating from 
the droplets' desired trajectory, ther^ leading to arti- 
facts in the printed image. Also, some ink nozzles rtiay 25 
eject ink droplets having ink droplet volumes either less 
than or greater tiian ttie desired ink droplet volume. In 
addition, some ink nozzles may eject ink droplets at an 
undesired velocity. Moreover, some Ink nozzles may 
completely fail to eject any ink droplets at all. When 30 
such malperforming nozzles are present undesirable 
tines and artifacts will appear in tiie printed image, 
thereby degrading image quality. Also, when nozzle fail- 
ures occur, unprinted lines will appear in the printed 
image along the direction of print head movement, 3S 
thereby greatiy degrading image quality. 
[0004] Malperforming and Inoperative nozzles may be 
caused, for example, by blockage of the ink nozzle due 
to coagulation of solid particles in the ink fluid in the 
nozzle. Matperiorming and inoperative nozzles may 40 
also be due to inadvertent presence of foreign particles 
in the ink or faulty nozzle holes in a nozzle plate 
attached to the Inic nozzles. Yet another reason for 
malperforming and inoperative nozzles may k>e inability 
to activate the ink droplets when required. That is, ink 45 
nozzles n^y fail to eject ink droplets as desired due to 
failures in an electric drive circuit which activates the 
nozzles in order to ^ect ink droplets. Moreover, ink noz- 
zle malperformance due to failures in the electric drive 
circuit may give rise to ink droplets not having either a so 
desired volume and/or a desired velocity, which in turn 
produce image artifacts. Also, such malperforming rv)z- 
zles may only maiperform intermittently. That is, such 
malperforming nozzles may operate as desired for a 
time and then maiperform for a time only to return to the ss 
nozzle's desired operation. Moreover, in the case of 
thermal ink jet print heads, resistive heater elments 
that are in heat transfer comnnunication witii the ink in 



the nozzles for ejecting ink droplets may become 
degraded by repeated on-off heating duty cycles. Such 
heater element degradation compromises ability of the 
heater elements to supply the desired amount of heat 
when activated. For example, if a degraded heater ele- 
ment supplies less that the desired annount of heat to 
the ink, then an ink droplet may not be ejected from its 
associated ink nozzle. Therefore, it woutel be desirable 
to unctbg such malperforming or inoperative ink nozzles 
or otherwise enable such malperforming inoperative ink 
nozzles to produce quality images. 
[0005] TechhIqMesfpr purging <;do^ noz^es are 
knpwTi. For oeanpie; U.S. Patent 4,48% 335 disci^p 
det^or thm det^ectiin^ 

lets. A riozzle ipurgihg operation then the 
clogged ink nozzles are detected: As anptiier example* 
US. Patent 5.455,608 disdbses a sequence of nozzle 
dearjngproceduresof iriaeasihg irrtensity unti noz- 
zles no longer foil to eject ink (frpplets. Similar nozzle 
dearing techniques are disclos^ in Patent 
4.1$5;3S3 arid U^ Pa^ 

lpOO$l However, the art referred to hereinabove 
appear directed to recqyery prcK^Mri^^^^^ 
completely fails to eject an ink droplet l^us^ this art 
appears to ignore the case in which, altiibugh the 
purged nozzle ^ects an ink droplj^. the droplet none- 
theless does not poss^ desir€d^ (for 
example, dearfidtrajeptpry, desire^ 
Moreover, tiie art riefonred to herelriebpve appear to 
ignore the case in which not ell failed nozzles can be 
recovered to N if Miic^orii^ hiien^y by p^^ 
dearing operations (for example, wiping, purging, 
extensive f irihg suid the li For e)caniple, s<>lid coagu- 
lates in the irik bloddrig the ink hbzziesmay strongly 
resist removal t>y nozzle dearing operationsf^That is, if 
only some of the :Sp|kl| aoag ive rerifoved. then an 
ink droplet will ejoct; howev^, the ejeaed ifik^^d^ 
may not have the desired trajectory, desired volume, 
and so on. Moreover, such nozzle dearing operations, 
even if successful in removing solid coagulates, cannot 
repair failed resistive heaters or foiled electric driver cir- 
cuits. Of course, presence of such permaneotiy malper^r 
forming br inoperative nozzles compr6mise|s image 
quality. 

[0007] Therefore, an object of tiie present invention is 
to provide an ink jet printer and method capable of com- 
pensating for malperforming and inoperative ink nozzles 
in a print head, so that qi^lity images are printed 
although some ink nozzles are malperforming or inoper- 
ative. 

SUMMARY OF THE INVENTION 

[0008] With the atx>ve object in view, the present 
invention is defined t>y the several claims appended 
hereto. 

[0009] The printer comprises a print head and a plu- 
rality of nozzles formed in the print head. At least one of 



3 



EP 0 974 467 A1 



4 



the nozzles may be inoperative and at least another one 
of the nozzles Is operative. A deitection system Is cou- 
pled to the nozzles tor detecting the Inoperative nozzle. 
A computer is connecled to the detection eys^ tor rer 
assigning printing; function of the Inoperative nozzle to 
the operative nozzle, so that a suitable output Image is 
printed although some hozzlleis are inoperative. 

[001 Qi A feature; of 9is pr invention is the prpvi^ 

sion of ari ink jet primer (»nrp 

ihg operati\^ ; ink; noizles that ; . are cap^e xif 

compensating fbr nricitpeHtormihg arid inopercitive ink 

nozzles. 

[0011] An acKrairitage of ^^t^ 

quality images are primed aUhpugh sorhe of theink noz- 
zles are rna^rtorming or inoperative. 
[0012] AncrtHer^j^^ 
thailifdtim^io^^^ 
printing costs are reduced. 

[0013] These arK) other objects; features and advan- 
tages of the presert inventioh will becohfie 
those skilled in the art upon a read this fojlowihg 
detailed descriptidii^y^ in cdnjuncUpn yyith the 

drawirigs whereirt therei^^i shown and described illustria- 
tive entaiodiments^of the inv^iBrition. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0014] While the spedfipation concludes with claims 
particuljEU-ly pointing-qut an^ daunrur^ the sii^ 

ject nriahisr of the presen^^^ it' is believed the 

invemidn ;win be bettiBr^^^ fdltowirtg 
descriptibh wh 

pani^ngdramhgS:Whef0ih:;^- i 

Figure 1 is a view in perspective of a printer with, 
parts renlioved for clarity; . 
FiguriB 2A illustrates a first mask pattern produced 
kiy cm operative nozzle of the printer during a first 
printlnjs pass; 

Figure 2B illustrates a second mask pattern pro- 
duced by ah operative nozzle of the printer durinjg a 
second printing pass; 

Figure 3 illustrates a first algorithm for acquiring 
nozzle performance intormatibn (that is, rx)zzles 
operative, malpertornling or inoperative): 
Figure 4 is a plan view of the printer, with parts 
removed for clarity; 

Figure 5A illustrates a first mask pattern produced 
by an inoperative nozzle of the printer during a first 
printing pass; 

Rgure 5B illustrates a second mask pattern pro- 
duced by an operative nozzle of the printer during a 
second printing pass; 

Figure 5C illustrates a test image for detecting 
malperforming ink nozzles as well as fully operative 
ink nozzles; and 

Figure 6 illustrates a second algorithm providing 
image processing steps which result in compensat- 



ing for malperforming or inoperative ink nozzles. 
DETAILED DESCRIPTION OF THE INVENTION 

5 [0015] The present description will be directed in par- > 
ticular to elements forming part of. or cocH^^ating more 
directly with, aipparatus in accordance with the present 
Invention. It is to be understood that elements not spe- 
dficaiiy shown or described may take various forms well 

10 known to those skitled in the art. 

[001 6] Thereforei rcrferring to Figs. 1 , 2A and 2B. there 
is shown a p-inter. generally referred to as 10. for print- 
ing an output iniage 2p ;on a receiver 30. which may be 
a reflective-typisi receiveir (for exarinple. paper) or a 

is, trari8missiv(d-type receiV^^^ eioample, transparency); 
Printer 10 prints imag 

which IS an trilci li^^p^ ink 
: eii^on noi^bS: 50 iibri^ For reasons dis^ 

: closed hereinbelow. each nozzle 50 is assigned a 

20 unique ind« nuitdier Tvlj", wher^i = 0, , . M. Here, the 
value "M" may be equal to the total number of nozzles 
50 fbrmed In print head 40. By way of example only and 
not by w^ of limHatibn;. there may be 200 index num- 
tders Nj wl;iere l^ to i 991 that is, there rinay be 200 ink 

2S nozzles 50. in print head 40. 

[001 7] Referring again to Figs. 1 , 2A and 2B, it is seen . . 
that printer 10 generally comprises the following compo-. - 
nents: (a) a rotatat)le platen 60 and a receiver guide 70 . 
for translating receiver 30 with respect tp.print head 40; 

30 (b) print head:cdntrdl electronics 80 connected to print 
head 40 for controlling activation of nozzles 50 in print 

control eledrohics 80 for prdvk:lihg image datsi to print 

head control electronics 80; (d) an inria^ 
35 obupled to computer 90 for processing the digital image 

data; (e) and rhotion control electronics 110 associated 

with print head 40 and platdn 60 for controlling transla- 
. tion of print head 40 and rotation of platen 60; Each of. 

these componeihts in addition to other comisonents 
40 d^ining the inventioh are described more fully hereirv 

below. 

[0018] Still referring to Rgs. 1 , 2A and 2B, printer 1 0 
further comprises a print head transport mechanism, 
generally referred to as 120. Print head transport mech- 

45 anism 120 is coupled to print head 40 for reciprocating 
print head 40 with respect to reefer 30 along a direc- 
tion iliustratied by a double-headed arrow 125. In the 
preferred enrbodiment of the invention, print head trans- 
port mechanism 120 includes a first motor 130 engag- 

50 ing a geau- 140, which in turn engages a pulley-belt 
assemt>ly 150. PuUey-beK assembly 150 moves print 
head 40 with respect to receiver 30 atong a fast scan 
direction as irxiicated by arrow 125 when first motor 130 
operates. Atttiough not shown, print head transport 

55 mechanism 120 may furtiier Include positional feed- 
t)ack. a liner encoder, arxi a direct cun-ent first motor 
130. Alternatively, print head transport mechanism 120 
may be a screw-driven arrangement having an elongate 
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lead-screw (not shown) extending parallel to platen 60 
and threadably engaging print head 40 for reciprocating 
print head 40 along a tongitudlnal axis of the lead-screw. 
Moreover, printer 10 also conprises a receiver transport 
mechanism, generally referred to as 160, for translating 5 
receiver 30 with respect to print head 40 along a direc- 
tion illustrated by an arrow 165. In the preferred embod- 
iment of the invention, receiver transport mechanism 
160 includes a second motor 170 connected to motion 
control electronics 110 and engaging a gear arrange- w 
ment 180. Second motor 170 operates platen 60 by 
means of gear arrangement 180, such that receiver 30 
moves in the direction of arrow 165 and slides along 
guide 70 when second motor 1 70 operates. 
[0019] Referring yet again to Figs. 1. 2A arxl:2B, adig- is 
ital image source 190 is connected tO: opmputer 90 for 
supplying an input digital image (n0t shoSvh) to comp 
ter 90. which input digital image coniprises a plur^^ 
pixel values characterizing the digital image by pixel 
color, iiMxel location, and eo oa In this regard, digital 20 
image source 190 may be a digital camera^ scairlner. or 
the like (also not shown). Alterhatiyely, this input cDgiml 
image also may be created on coni|3uter SK) k^ means 
a suitable user irnerface that nn^ include di^la^^ 
keyboard, a stylus, and/or a "mouse" (also not shown). 25 
Computer 90 preferably includes at least one cornmuni- 
cation port (not shown) for transferring image files and 
other information to external devices, such as a compu- 
ter network mass storage area. A nozzle performance 
information source 200 is stored in a memory (not 30 
shown), yifhichis CQn^ect(^::tp^cx)l1l^ OOifbr sm^ 
ing information to computer 90 about perfbrmance of 
each nozzle 50. In this regard, the nozzle performance 
information supplied to computer 90 specifies whether 
each nozzle 50 is "malperforming", "inoperative'* or 35 
"fully operative", as described in detail hereinbelow. 
[0020] In addition, in ink jet printing, an image row is 
often printed in nfK>re than one printing pass for at least 
two reasons. First, risk of ink coalescence on the |nk 
receiver is minimized because only a sutjset of all 40 
image pixels is printed in each printing pass. This also 
reduces probability that ink spcrts at adjacent pixels will 
be in liquid contact. Secondly, visual artifacts caused by 
variabilities between ink nozzles are reduced. Such var- 
iabilities may be due to variabilities introduced in manu- 45 
facturing tiie print head. In order to ameliorate such 
variabilities, each Image row is printed by more than one 
ink nozzle in more than one printing pass. Therefore, 
variability, such as en-ors in ink drop placement or ink 
drop volume, between ink nozzles 50 can therefore can- so 
eel each other and make image artifacts less apparent 
to the naked eye when niore than one printing pass is 
made. 

[0021 ] Therefore, Rgs. 2A and 2B illustrate printing of 
a single image row 210 in two passes when all nozzles ss 
50 are fully operative. The terminology "fully operative" 
with respect to nozzles 50 is defined herein to mean 
nozzles 50 that eject ink drops having desired charac- 



teristics, such as desired ink drop trajectory, desired ink 
drop volume, and desired ink drop velocity. Entry values 
of mask patterns in image row 210 comprises a plurality 
of pixel locations 220 having pixel location index num- 
bers P|j, where i o 0 . . . M and j e 1 . . . c. In this exem- 
plary embodiment of tiie invention, "f^" is ttie total 
number of pixel rows that extend horizontally on 
receiver 30 and "C" is the total number of pixel columns 
tiiat extend vertically on receiver 30. Thus, the suk>saipt 
1" for pixel tocation Pfj denotes a row focation and the 
subscript "i" for pixel location denotes a column loca- 
tion. Therefore, location of each pixel in Image 20 can 
be d^rlbed by its twcKlimensional pixel location 
number P^. However, it should bet rioted that values of 
Pg are values for mask patterns in image rows 210 
rather than pii»9l values o input 
iifT^^ ^ idisc^^ In order to 

cjetermirie : whet^ a pup^ is pNin^N* the ; rnask pi|^ 
valtiiB andtfieipjii^^iy^ 

io^fic^ly rnultiplie^ |/ij^P" ii^^ 

pperatiprl); : . 

[0022] Referring to F^^^ 

ated tiiat a perfectiy operating printer TQ has aitini^ . 
50 operative. The printing j^roce^^ 
transport mechanism 160 positions receiver 30 so that 
image row 210 comes into registration with nozzles Nq. 
Next, print h€^d transport mechanism 120 translates 
print head 40 a|png:the fast scan dire<^on (that is, d^ 
tion of arrow 1:25) ;tp print a swath plane comprising M 
image rows. More specif ically. irrage row 21 0 is printed 
using a f ir$t ma^Kif^^ first 
printing pass. F=^r purposes of iltUstmtion, first riiask pat- 
tern 250 for nozzle 50 is illustrated as containing entry 
values of "O's" and "1 ", where tiie entry value of "1" is 
used herein to indic^e that nozzle Nq has been enabled 
to print a pixel at a predeterminjBd pixel valijei at pixel 
location Pjj arid the entry value of ?0" is usied heifBiri to 
indicate that nozzle Nq hais been disabled to not pi'int a 
pixei location Pq. 

[0023] Referring to Rg. 2B, receiver 30 is advanced by 
receiver transport meichanism 160 so that image row 
210 comes into registration with nc^le Nioo- At this 
point, the next swath plane of image 20 is printed/ More 
specifically, image row 210 is printed using a second 
mask pattern As descrfoed hereinaboyei,: the val- 
ues of "0*s" and "iV at pixel locations P^ in, second 
mask pattern 260 represent enabling and disajblinig. 
respectfully, of printing at each pixel for that particular 
pass. 

[0024] Referring again to Figs. 2 A and 2B, enfry val- 
ues in second mask pattern 260 are complementary to 
values in first mask pattern 250. That is. where an entry 
value of "0" appears In a column "j" of first mask pattem 
250, such as at pixel location Po,i, a complementary 
entry value of "1 " appears in the same column "j" of sec- 
ond mask pattern 260. such as at pixel location P100, 1 ■ 
Conversely, where entry value of "1" appears in a col- 
umn "j" of first mask pattern 250, such as pixel location 
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Pq^. an entry value of "0" appears in the same oolumn 
"j" of second mask pattern 260, such as at pixel location 

PlOO, 2- 

[0025] Referring yet again to Figs. 2A and 2B, image 
row 210 is printed by nozzle 50 having index number Nq 
in the first printing pass and then over-printed k>y nozzle 
50 having index number N^qo in the second printing 
pass. In this mariner, the combined eiffect of mask pat- 
terns 240 arid; 250 prpdudBd by the first and second 
printing passes^ respectively, allows ail pixels In iirage 
row 210 to be printed. Thus, during the first printihjg 
pass, nozzl6>lq is activat^^^ print a piredeteirrT^ried 
portion of inij^^ rtiw 210 M^rig rii^ patie^ Sihv: 
ilarty, during the s^^^ 

activated to priiihi-i^^^^^ remaining ix)itiph d row . 
210 usiiiig masik pat^ 260: Ihltfie; preserit^ir^^ 
nozzles that print iovBf the 

nozzles No and Niob. are assigned to a nozzle group. 
Anottier nozzle Qiroup 
Yet another nozzle g^^ 
N199. It nni^ bB ap^^ 
thsA the present inveritibn is^o^^ 
of organizing nozzle groups vary depeifidirig 

on the specific printing piode isele^ed suid iray be c^^ 
ferent from the exaiinple disclosed immediately herein- 
above. 3uch specif ic printing modes may, for exaniple. 
be number of printing passes, paper trainsport amount 
after each pass, arid so on. 
[0026] Referring to Bgs. 1v 2A aiid2B. the ihpiitdig 
iniage Is trar^ittied^^^^ 

computer 90 >Artier«ri - t^^ prpo^ 
essedVb>r:i^^ 

processor idO: is capable of resizing, cropping, tone 
scale trairidbrmatiori, color tiBnsformati6ri, and/c>r half- 
toning the inpiirt digital image. MbreovBr^ irajg^^^^^^^ 
sdr 100 places the input digitiEtl iririiEige iri ai f^mat Usefui 
for input to ink jet print head 40, which irti^agjB fo^ 
may be in the form of separate color planes coniprising 
the input digital image (for example, yellow, mageifita, 
cyan and black color planes); or a plurality of swath 
planes that are each printed during different printing 
passes, as described hereinabove. As de^ibed more 
fully heretribelow. image processor 100 alsb indud|es a 
first algorithm 27b (see Rg. 3) that acquires nozzle per- 
formance infbnration such as whether nozzles 50 are 
either curative malperfornrdng or inoperative. Also as 
described more fully hiereinbelow, image processor iOO 
further includes a second algorithm 370 (see Fig. 6) for 
compensating for any inoperative nozzles 50. These 
algorithms 270 arxl 370 are used to acquire nozzle per- 
formance information and to compensate for presence 
of inoperative nozzles 50 by using only operative noz- 
zles 50. 

[0027] Referring yet again to Figs. 1 . 2A and 2B. the 
processed digital image data provided ty image proces- 
sor 100 is transrratted from image processor 100 to the 
previously mentioned print head control electronics 80. 
The print head control electronics 80 receives this proc- 



essed digital image data and transforms this data into 
electrical signals that selectively drive (that is, selec- 
tively activate) nozzles 50. These selectively driven noz- 
zles 50 produce output image 20 on receiver 30 by.-^^^ 

5 printing a plurality of image rows 210 onto receiver 30. . 
In addition, motion control electronics 1 10 controls first 
motor 130, so tliat print head 40 is controllably trans- 
lated with respect to recover 30 in order to print each 
image row 210 in fiist riiask pattern 250. In addition, 

10 after each swsUh plane: is printed, motion control elec- 
tronics Tib coritifplssebpndiT^ 
60 rotates to advance lieciBiver 30 in a direction Illus- 
trated by arrow 1 65. Receiver 30 is advanced in this 
manner in order to prepare the ink nozzles in the same 

IS nozzlia^ groujp) for |xirit|ri0 

260 bri.iiTi&ig^^^^r^^ It may be appred- 

. ated frbni:: the ciiBs^^ hereinabove that a single 
/image rdw':2ia^^^ 20 may be com? 

pletely prirtted iri :3; 4, 61 or ariy nuntber of such printing 

20 passiesi if desired ■ ^ 

[0028] The descriptipn hereihafc>bve was directed to 
the hdniinal case whe^^^ air nozzles 50 are operative 
and no riozzles 50 fiiref nrnlperforming or inoperative. 
However, sorhe of these nozzles 50 in fact may be malp- 

25 erfbrming or iriGf)era[tive. It is desiifabte to detect and 
compensate for malperforming or inoperative nozzles v 
50 by activatirig fully operative nozzles 50, so as to pro-> 
vkle high quality output image 20. 
[0029] Refenring to Figs, 1, 2A, 2B and 3, first algo- 

30. rithm 270 for prbvidihg:riozzle 
' begins wAh detecting^ 

are dete^rted ^fr disclosed presently. Naxt, • 

nozzles 50 are organized into nozzle groups, as at step 

36 3520, and as describikl hereiniatw^^ Some of the index 
numbers N| are assdctated with malperforming and 
inoperative nozzles: 50, while other ones of the index 
numbers Nj are associatcid with fully operative nozzles 
50. In step 347, these nozzle index numbers N| repre- 

40 senting either maljDerforming. inoperative or operatiye 
rK>zzl^ 50 are stored as nozzle performance informa- 
tion in nozzle p«16rnnance information source 200. this 
riozzle performance information is then transmitted from 
perfomriance iiTfoririation source 200 to computer 90 

46 where rt is processed for use by image processor 100. It 
may be appreciated that nozzle pierfbrnfiarice irifbrrna- 
tion source 200 may be stored in an electronic memory 
connected to computer 90 for storing nozzle indices Nj. 
[0030] As best seen in Rgs. 3 and 4, any inoperative 

60 nozzles 50 are detected by an optical detection system, 
generally refenred to as 325, comprising a tight source 
330 laterally disposed, to one side of print head 40 an6 
a light sensor 340 lateraHy disposed to an opposite side 
of print head 40. Ught sensor 340 is coupled to nozzle 

55 performance information source 200 for transmitting an 
electrical signal to nozzle performance information 
source 200. as descrfoed in more detail presently Ught 
source 330, which may be a laser light source, is oolin- 



9 



EP0 974 467A1 



10 



early aligned with light sensor 340 and emits a light 
beam along a light beam path 342 passing adjacent to 
nozzles 50. Of course, light sensor 340. which may be a 
photodiode. receives fight emitted by light source 330. 
Thus, in order to detect operative nozzles 50, motion s 
control electronics 110 translates print head 40 to a 
position between fight source 330 and light sensor 340, 
so that when an ink droplet 290 is ejected from opera- 
tive nozzle 50, the light beam is tnterrLfated. When the 
light beam is intOTupted in this manner, an electrical to 
signal produced by light sensor 340 causes this nozzle 
50 to be recorded in nozzle perfbrniah(» infonriat^^ 
source 200 as ah operative nozzle 50. Oh the otti^ 
hand, if ink droplet 290 fails to eject from nozzle 50 
when nozzle 50 is activated, then the light tpeam fe unin- is 
terrupted and no electrical signal is produced by light 
sensor 340. In this latter case, nozzle SQ^j^te^ 
nozzle performance inforni^ 
erative nozzle 50/Usihg this bifCM^mation^^ 
250 and 260 are applied to nozzle groups 20 
operative nozzles Mask patterns 345 and 348 are sub- 
sequently applied to; nozzle groups thaft: Indudejiri^ 
ative nozzles. 

[0031 ] However, ©ome nozzles 50 may t» rtialper- 
Ibrn^ng in tiie sen^e that ink diroplets 290 are ejected 25 
but not as intended. Such nozzles are not completely 
"inoperative" and not "fully operative*. For ««irnple, 
some ink nozzles 50 may indeed eject ink droplets 290; 
however, the ink droplets 290 are ejected along a trajec- 
tory deviating from the droplets' desired trajectory; that 
is, the trajectory normal to a nocfzle pljSite (nc^:(^^^ ; . 
belonging Id piinthead 40. Otiier ink nosies ir^ ;^^ 
ink dropjets 290 having ink droplet voluhies eitiier less 
than or greater than tiie desired ink droplet volume. 
Such ink nozzle behavior may lead to artifacts appear- 35 
ing in output image 20. That is, when such malperfbrm- 
ing nozzles 50 are present, image artifacts, such as 
banding, will appear in tiie printed image, thereby 
degrading image quality. As described presently, the 
invention compensates for such malperforming hQzztes 40 
50. as well as for completely failed nozzles, in order to 
obtain a high quality output image 20. 
[0032] Therefore, as best seen in Rg. 5C, a test image 

361 Is first printed by a specific print head 40 for acquir- 
ing nozzle performance Information. The purpose of 4s 
printed test image 361 is to detect nozzles ttiat are 
malperforming as well as nozzles that have completely 
failed. In ttiis regard, printed test image 361 includes a 
plurality of ink marks, such as lines 362. witii each line 

362 being printed by a different nozzle Nj. where t ^ 0 to so 
199. For purposes of clarity, test printing results for only 

a subset of all two-hundred nozzles are shown in Fig. 
5C. That is, test printing results only for nozzles N|, 
wrhere i « 0 to 19 are shown. 

[0033] Still referring to Fig. 5C. a desired (that is. per- ss 
fectly formed) line 363 printed by a fully operative nozzle 
N^2 comprises a plurality of generally aligned ink dots 
364a of sut>stantiaily equal size, each ink dot 364a 



being formed by individual ink droplet 290. However, if 
any one of nozzles 50, such as nozzle N2. completely 
fails to eject ink dix)plet 290, tiien a space 365 is 
observed where line desired 363 should be. In addition, 
if any one of nozzles 50, such as nozzle N7, ejects ink 
droplet 290 along an undesired tiajectory, then a line 

366 is displaced from its intendeMd Ipcati printed test 
image 361. Mbrepver. H ajiy one of nozzl^ 50, such as 
noz^e Nt7. ejects cui insuffideht vdu 

droplet 290. tiieri a lighter and tiiinner tiiari desir^ One 

367 is produced, in tfiis casej lighter than desired line 
367 conprise^ ink dots 3i&^ than ink 
dots 364a. In 

nozzle N|9, ej^ct? rnore than^^ for 
ink droplet 290. then a darker and thictor tha 
line 368 is prbdiJKjecl. In^^ti^^ 

line 375 comprises ink dots 366c that are larger than ink 
dots 364a. The nozzle indices N) for fully operative, as 
well as malperforming nozzles, are stored in nozzle per- 
formance information source 200. 
[0034] Referring again to Rg. 5, any malperforming 
nozzles 50 indiKjiiig any completely fail^^ r^^ 
can be detected visually;^ P^^^ 
opeiiErted a{^^ 

detectfon, an pperatpr of printer TO examines nozzles 
50 and determines t|i^ malperfprrning nozzles including 
the completely failed nozzles. Next, the operator nozzle 
index numbers Ni corresponding to those nozzles eje^^ 
ing inkdroplets 290 in an urdesirable manner as well as 
tiiose nozzles that complete!/ fail to eject ink droplets. 
The opeir^rth : 
90, w^iich stot©$ t^^ 
information sourceiSWQ, On t^ 
to detection by means of automatically pperatk:! a^a- 
ratus, printed test image 361 is imaged by an image 
sensor (not shown), preferafc>ly integrally connected to 
printer 10. The image is then analyzed by at least one pf 
a plurality of image pattern recognitioh prcigrams well 
known in the art, to detect ma|per«brmihg nozzles 
including completely failed nozzles. This infoirmatipn is 
then stored in nozzle performance information: source 
200. 

[0035] Referring to Figs. 4 and 6, it may be appreci- 
ated from the discussion hereinabove that previously 
mentioned light source 330 and light sensor 340 are 
used to detect pompletely failed nozzle 50. Also, it nmy 
be appreciated from the discussion hereinabove that 
test image 361 is also used to detect a completely failed 
nozzle 50, as well as detecting other malperforming 
nozzles 50. Therefore, if it is desired merely to detect 
completely failed rtozzles 50, light source 330 and light 
sensor 340 may be used. Altematively. test image 362 
may be used to detect completely failed nozzles. An 
advantage of using light source 3i30 and light sensor 
340 to detect a completely foiled nozzle 50 is ttiat test 
image 362 need not be printed. This results in a con- 
comitant time savings because time spent printing and 
analyzing test Image 362 is avoided. 
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[0036] Figs. 5A and 5B provide an exemplary illustra- 
tion of how such :malperforming ai^i in<ipeFative nozzles 
50 are compensated for by operative ribzzles 50. In the 
example descrtbecl pr^^entlyv nou assumed to 

be an inopemtiye (that is, failecO nozzle. This nozzle Nq s 
will define a thirdmask pattern 345 in the first printing 
pass. In this regard, third mask palttern 345 defined by 
nozzle fsio.is illustrsfted as containing entry values of all 
(that is, nozzle Nq inoperative). Oh the other hand, 
nozzle Nioo assurned to be an operatiye nozzle. This 
nozzle Nioo defines a fourth mask pattern 348 in the 
second printing pass. |n this regard, fourth mask pattern 
348 defined by nozzle N-ioo is illustrated as a>htaihing 
entry values of ali^T's" (that is, nozzle l^^oo operative). 
Thus,: it ifiky be lind^r^^ appi^ihg; 
iri fourth maskpMerh 348 are^^ 
values appeauirig^^ That; is,, 

where entry value of ^" appears in column xj* for thirbfl 
mask pattern S4iV a corfi^ 

appears in the s»Tie "j" lor fourth rinbk pattern 

348. ■ : 
[0037] Refemhg again to Figf 5A arid 56, and as 
described hereinabove, third mask pattern 345 is illus- 
trated as contairang entry values of all "OV (tiT^^ noz- 
zle No inoperative) and fourth mask pattern 348 is 
^ illustrated as cpntainihg entry values of all "1's" (thait is. 
nozieNioo^^^ 

desaiption that vyitieh the ehitry^^y^ 

third niasikpalterrt^^ 
nozzles©, then iTOi^ 

will be printed in the first printing pass regardless of the 
image value at tiiose pixel locations. Similarly it may be 
further appredated from the descr^bn hereinalx>ve. 
that if the entry values in fburth mask pattern 348 are 
for a specif ic bp^rative nbsEle 50; then pixel locations 
P^ooj will t)e printied In the second pririting pass consist- 
ent with the image values for those pixel locations. In 
this rinanner. all pixels for image row 210 are printed 
even though some nozzles 50 are inoperative. Also, the 
combined effect of fourth mask pattern 348 when over- 
laid onto third maskpatterh 345. after completidn of the 
first printing piass and second printing pass, allows all 
pixels in iniage row 210 to he priritod using: operatiye 
nozzliBS 50 in pSace df inbperativie ndziles 50: ; 
[0038] Referring to Figs. 3, 5A and 5B. if nozzle Nq is 
detected as inoperative in the manner disclosed herein- 
above, then third mask pattern 345 for nozzle No is 
stored in nozzle information source 200. as at step 347 
of the previously mentioned first algorithm 270. Next, 
the inoperative nozzle 50 having index number Nq is 
disabled, as at step 350 of first algorithm 270. This dis- 
abled nozzle 50 having index numt>& No is illustrated in 
Rg. 5A. wherein each entry value for each pixel location 
is "0". These entry values of "O" indicate that no pixels in 
image row 210 are printed in the first printing pass. Put 
another way. the printing function of disabled nozzle 50 
having index number Nq (that is, disabled nozzle 50 
having entry values of '0*^ are reassigned, as at step 



360 of first algorithm 270, to operative nozzle 50 having 
index number Nioo i®* enabled nozzle 50 having 
eritry values of *11; That is. printing functidn of disabled 
nozzle No is reassigned to operative nozzle Nioo- Thus, 
entry values in inuige row 21 0 have a value of "1 " during 
the second printing pass, so that all unprinted pixels 
associated with inoperative nozzle No in the first printing 
pass are printed by operative nozzle N^oo in the second 
printing pass. 

[0039] Turning now to Fig. 6. there is shown a second 
algorithm, generally referred to as 370. Second algo- 
rithm 370 illustrates imaging processing steps per- 
formed by image processor 100. In this regard, at step 
380 the input image is operated upon in order to resize, 
crop, tone scale;: halftoiie^tiwsforriri color, and separate 
irriage row planes for each printing pass and each color. 
It nriay be appreciated that image processor 100 may 
perform other des^ired irnage preprocessing operations, 
as needed. As illustrated at step 390. a swath plane 
iridudihg a plurgaity of im^ 0. is extracted: that 

is, an pixel values of the swath pii^ image 
processor 100. Next, an image column is extracted from 
the svrath plane. as at step 400. An image pixel is then 
extracted from the image column T (where j « 1. . . C), 
as at step 410; In addition, step 420 determines 
whether nozzle 50 falls into a nozzle group containing, 
inoperative nozzles. If all nozzles in a nozzle group are- 
operative, nominal (that is, regular) mask patterns are 
applied as shown in Rgs. 2A and 2B and at step 430, 
On the other hand, if nozzles 50 include inoperative 
nozzles, new mask patterns 345 and 348 are applied, 
as at s^3 440^ At this pNDint; ^ieps 390 through 41 0 are 
repeated for all pixels Py in steps 450 through 470. It 
should be observed that first algorithm 270 and second 
35 algorithm 370 preferably reside in computer 90 in 
machine language. 

[0040] It is appreciated from the description herein- 
above that an advantage of the present invention is that 
high quality images are printed although some ink noz- 
40 zles are malperforming or inoperative. This is so 
because pixels that wouki othenAnse be printed by inop- 
erative ink nozzles 50 in a first printing pass are instead 
printed by operative ink nozzles 50 in a second printing 
pass. 

45 [0041 ] Another advantage of the present invention is 
that printing costs are reduced. This is so because pur- 
chase of a new print head merely to replace malper- 
forming and inoperative nozzles is virtually avoided. 
[0042] While the invention has been described with 
50 particular reference to its preferred embodiments, it will 
be understood by those skilled in the art that various 
changes may be made and eqiivatents may be substi- 
tuted for elements of ttie prefenred embodiments without 
departing from the invention. For example, printer 10 
55 may include a nozzle purging apparatus in communica- 
tion with each nozzle 50. Such nozzle purging may be 
performed by an ink pump and a vacuum suction 
device. Thus, any malperfornvng or inoperative nozzles 
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may be purged before using the invention to oompen- 
sate for the inoperative nozzles. This technique has the 
advantage of restoring function of malperformlng and 
inoperative nozzles, if possible, so that a minimum 
number of malperforming and inoperative nozzles need 5 
be compensated for by operative nozzles. In this man- 
ner, printing speed is not significantly reduced. None- 
theless, some of these malperforming and Inoperative 
nozzles nonetheless may resist purging operations; 
According to this technique, compensating for such per- w 
manently malperforming and inoperative nozzles by 
using operative nozzles would only occur after any 
unsuccessful purging operations. 
[Q0431 As is evident f rorii the foregoing description, 
certain other aspects of the invehtipn are not limited to is 
the particular details of the exarript^s lllustFated, and it is 
therefore contemplated ttiat other nfKidifications and 
applicatiprre will occur to these sWfled in the art It Is 
accordingly Intended that the claims shall cover alls^ 
modifications and applications as do:notdepart^^^^ :20_ 
true spirit and soopOMrf the inveriftb^^ 
[0044] Therefore, what is pro^^dM^ 
and method of compensating for malperforming and 
inoperative ink nozzles in a print head, so that high qual- 
ity images are printed although some ink nozzles are 25 
malperforming or inoperative. 

Claims 

1. An Ink jet printer, comprising. 30 

(a) a plurality of drop-emitter nozzles (50) 
arranged such that a first nozzle is adapted to 
print along a first path substantially the same 

as a second path previously printed by a sec- 3S 
ond nozzle: and 

(b) a control (90) adapted to enable saiid first 
nozzle during a portion of the first path ahd to 
enable said second nozzle during a comple- 
mentary portion of the first path, such that saiid 40 
first or said second nozzle is enabled during 
the entirety of the first path, said control being 
effective to disable said first or said second 
nozzle during the entirety of the first path arxi 

to enable said first nozzle or said second noz- 4s 
zle during the entirety of the second path. 

2. The printer of claim 1. further comprising a nozzle 
transport mechanism (120) connected to said noz- 
zles for translating said nozzles in a first direction so 
with respect to the receiver, so that said nozzles 
print on a receiver (30) in the first direction. 

3. The printer of claim 32 further comprising a receiver 
transport mechanism (160) engaging said receiver ss 
for transporting said receiver In a second direction 
with respect to said nozzles, so that said nozzles 
print on the receiver in the second direction orthog- 



onal to the first direction. 

4. The printer of claim 1 . wherein said control is capa- 
ble of electrically driving said nozzles to eject ink 
droplets therefrom; 

5. A print head, cornprising: 

(a) a pluiBlity of nozzles, at least one of said 
nozzles t>eing inoperatrve and at least another 
one of said nozzles being operative; and 
(p) a cprnputer (90) connected to said nozzles 
fbrresaissigniiig printirig func^ inoper- 
ative nozzle to said opereUive npsi 

6. The print head of dam 5, further comprising a 
detection :^>rs^ 

d6t0Ctif^ said ir^^ 

7. The print head; of^ d 6^ wh|Kaein said detection 
systiemiiBandF^ba^ 

8. A method of a^embling a. printer. CO 
steps of: 

(a) providing a plurality of drop-emitter nozzles 
ranged such tiiat a fir^ nozzle is adapted to 
print alCMig ia f list path substantially the iscmie 
as a second patii previou^y printed 

ond nozzle; and 

(b) providing a control adapted to enable said 
first nozzle during aportion of the first patii and 
to en£U>|e said secphd noz4 
mentarypprtipri -of -tiie first pa^ 

first or said: second nos^le i^ 
the entirie^^^ 

effecti^: to dij?^ said second 

no»lie during the entirety 0^^ 
to enable said firist nozzle or said second noz- 
zle during the entirety of the second path; 

9. The metiiod of flaim 8^ further cpmpr^ 

of connecting a fiozzle trarisport imediani^ toi^ 
nozzles for translatlrig the nozzles ina fir^t directipn 
with respect to the fecerver. so tiiat the nozzles print 
on the receiver in the first direction. 

10. The method of claim 9. further comprising tiie step 
of engaging a receiver transport mechanism with 
the receiver for ti-ansporting the receiver in a sec- 
ond direction orthogonal witii respect to the print 
head, so that ttie nozzles print on the receiver in tiie 
second direction orthogonal to tiie first direction. 

1 1 . The mettKXl of daim 8. wherein the step of connect- 
ing a control comprises the step of connecting a 
conf ol capable of electrically driving the nozzles to 
eject ink droplets therefrom. 
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12. A method of assembling a print head, comprising 
the steps of : 

(a) providing a plurality of drop-emitter nozzles 
arranged suc^ that a first nozzle is adapted s 
print along: a: first path substanti^y the sarne 
as a sedphd j^th preKri print^ by. a sec- 
ond nozzle; and 

(b) providing: a control adapted to enabliB said 
first nozzle during a portion of thl^ first pal^ and io 
to enable said second nozzle during a comply 
mentary portion of the first path, such that said 
first or said se^ nozzle is enabled duriiig 
the entirety of the first path. said:a»ifr 

effedive - f6 dbable said first or siaid second is 
nozziei during the entirety of the frst path to 
enable said first nozzle or said second tio^e 
during the entirety of the second path. 

1 3. A method of assembling a print head for printing ah so 
image on a reciBivei'k comprlsirig this steps of: 

(a) coupling an optical xletecfion system to a 
plurality of nozzles for optically diBtecting inop- 
erative nozzles^ a proportion off ihe nozzles -ss 
being inoi|ieratiye a: 
the h6z^#S feiwriigi and • \ 

9>) connecting a cpm^ 
tidp s>^i^i;fior,irei^ 

ihbpeiaitlVe riozz so 30 

that the operative nozzles compensate for tiie 
inoperative; ;nozzies :in order that tiieiniage is 
printed on the receiver by the operative noz- 
zles.- 



9 



EP 0974 467 A1 



10 




ISO 140 



80' 



PRINT HEAD 

CONTROL 
ELECTRONICS 



200' 



NOZZLE 
PERFORMANCE 
INFORMATION 
SOURCE 



MOTION 
CONTROL 
ELECTRONICS 



IMAGE PROCESSOR 



COMPUTER 



-90 



DIGITAL IMAGE 
SOURCE 



190 



FIG. 1 



10 



EP 0 974 467 A1 




210 



30 



FIG. 2A 




210 



— 30 



FIG. 2B 



11 



EP0974 467A1 



.270 





DETECT FAILED 
NOZZLES 


-—310 










SORT NOZZLES ACCORDING 
TO NOZZLE GROLfPS 






STORE NOZZLE GROUf='S 






DISABLE FAILED 
AND OTHER NOZZLES 






REASSIGN PIXELS 
FUNCTIONAL NOZZl 


TO 
.ES 



-347 



,350 



-360 



FIG. 3 



12 



EP 0 974 467 A1 



340 



342 



-^70 



290^ 




NOZZLE PERFORMANGE 
INFORMATION SOURCE 



FIG. 4 



13 



EP 0 974 467 A1 




210 




210 



^30 



FIG. 5B 



14 



EP 0 974 467 A1 




IS 



EP 0974.467 A1 



370 




PRE-PROCESS IMAGE 



EXTRACT NEXT 
SWATH PLANE 



I 



EXTRACT NEXT 
IMAGE COLUMN 



1 



EXTRACT NEXT 
IMAGE PIXEL 



80 



90 



J~^00 



-410 



NOZZLE INDEX FALLS 
INTO RECORDED NOZZLE 
GROUPS? 



-420 



ASSIGN NEW 
MASK PATTERN 



— 440 



USE REGULAR 
MASK PATTERN 



FIG. 6 




16 



974 467 



Page 17 of 2 0 



EP 0 974 467 A1 




EurbiiiMn Patent 



EUROPEAN SEARCH REPOf#^ 



EP 99 20 2242 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Categoiy 



Cttaaan«liioeuimitt wAh Mierilion.Awlwra appropriatBr 

•: . - ; <il:neilevaiit:pa8gao98: ; , - ■ . : ■■ 



RCtovantx 

K>. <aaiin 



CkASSIFICAIION OF THE 
APPUCAHOH: (Intel;/) : 



X 

Y 

P.X 
P.X 

P.X 

V 
A 



EP 0 783 973 A (CMION KK) 

16 July 1997 (1997-07-16) 

* page 6, line 5 - page 10, line 55; 
figures 5-7 » 

UO 99 08875 A (ENCAD INC) 
25 febimary 1999 (1999-02-25) 

* abstract * 

UO 98 40222 A (RASTER GRAPHICS INC) 

17 September 1998 (1998-09-17) 

* page 3, line 20 - page 25, line 14; 

f 1giure-4A- *: ■\. 

EP 0 863 004 A (HEWLEH PACKAllO CO) 
9 September 1998 (1998-09-09) 

* t1»e: Who;1«. document • 

US 5 124 720 A (SCHANTZ CHRISTOPHER A) 
23 June 1992 (1992-06-23) 

* column 3^ line 45 - column 4, line 48; 
figures * •■ 

EP 0 646 460 A (CANON KK) 
5 April 1995 (1995-04-05) 

* page 16, line 1 - page 17, line 3Q; 

figure: 1 * 

EP 0 744 295 A (CANON KK) 

27 NbVeinbejf 19M (19S>6-li-27) 

* c6^vm 7, liiine: 14 - column 19 « line 45; 
flSift^eV M-,l^v*- - ' 

EP 0 665 11* A (TEKTRONIlt I*IC) 
2 August 1995 (1995^)8^0^^^^^^^ 

* page 5 i 1 irie 1& - page 7, 1 Irie 44; 
f igures ::8,9 * . 



The present seaich report has'baeA dramrh up (or ail dalms 



5.6 
7,13 

1-4,8-12 

1-4,8-12 
5.12,13 

1-4,8-12 

7,13 

i.8.12 



B41J2/165 



TECHNICAL RELOS 
SEARCHED; (lnt.CIJ}. 



641J 



THE HAGUE 



22 November 1999 



EnfrdrMr 

De Groot, R 



CATEGORY OF CITED DOCUMENTS 

X : partloutarty r«levanl V talwn alon* 

Y : partkuiarty r»tovanl V combined wlh anothar 

documant of tha aama catagoiy 
A : tactYwloglcal backgromd 
O : non-wrfttan dbdoaura 
P : Marmatf ata documart 



T:thaofyor prtnc^ta tfidartying tha tmanUon 
E:aartlarp«tam documanu but piMahad oa or 

aflar tha (BIng data 
O:dooufnancoaadlntha application 

L: 



A : macTMr of tha aama ptfant family, oorraaponding 



17 



EPD974 467A1 




European Patent 
Offlice 



EUROPEAN SEARCH REPORT 



App)lc«Uon Number: 

EP 99 20 2242 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of Gkxajmem wim indicailon, where appropriate. 
of reievantpassaoes:.: . 



Relevant 
to Claim 



CLASSiFICATION OF THE 
APPUCATION (imXKT) 



EP 0 517 521 A (CANON KK) 
9 December 1992 (1992-12-09) 

* page 9, line 13 - line 54; figures 
1.2.13 ♦ 

US 5 587 730 A (KARZ ROBERT S) 
24 Beceraber 1996 (i996'^12-24) 

♦ column 3, line 47 - column 5, line 25; 
figure; 5 * 



1-13 



1-13 



TECHNICAL FIELDS 
SEARCHED (tnt.Cl.T) 



The preserit search report has t)^n drawn up tor all daims . 



THE HAGUE 



Otte pf oompMon of Am tMich: 

22; November 1999 



CATEQORY OF CtTED OOCUMEhnS 



De Groot, R 



X : particularty r«l«vant t tei»n aJorw 

Y : pamctiariy ralavant 9 combined anoth«r 

docum«nt ol th« sarrw calagory 
A : tttchnotoglcal background 
O : nofv-wrtRan dbck>sur* 
P : tntarmadiate dooumaol 



T : thapfy or pflnc^la underling the Invention 
E : earflar patant document, but publahad oh. or 

altar the fning data 
O : document dtad in the application 
L : document cited for other raaaona 

& : mamber of tha aama patent famfly. correaporKing 
docufnant ■ •■• • •- 



18 



EP 0 974 467 A1 



Annex mlwEEiii^ 

Ofi EWPPEiN^P^^ ER 99 20 2242 



Trts annex 11^ the patent fsiniijy imemt)efs relating to me patem docwmenfe^ - 
The meiiibertl ^tfeas oohtaihed . . : . . : 

The European p^em OffKie te way liatjie: tor thfljse pa^cuiare Intoimalion. 



.vppateht 










Publication . 


c!ted-fit:SM 




^ '^:^^?^--^^^< ■ ■ : 




.\fn#nMr(s);:'.:-: ■ 




EP 0783973 A 16-07-1997 JP 9174824: A 08-67-1997 




wo 9840222 A 17-09-1998 NONE 


EP oiMofii^ 


A 






.;I0Z5ebZo.A 


«~uv i».s»o • 


US 5i2472d 


A-- v ■■ 


23^:06^1992 


lb 
vP 






— — "Trr— *— — — 

EP 0646460 


A 


05-04r:199b 


JP 


y iulUlJC: A 


10— AA— 1 ObR 
J-O v,*r IVyO 






■ to " 

JP 








:A- 


277:11^1996 : 


JP 


.. . ;fl30??0*::A . . 










■- itri'- 

■■■■■■/-■■■:iVp\ 


. :19Z4VP101;.;A;5 ' 




EP 0665114 


A 


02-08-1995 


US 


: 5625389;. A 












03r^*^i9p 


EP 0517521 


A 


09-12-1992 


■'iff' 
Jp 


5293974 A 
: 2951041 B 


■■:--':-.di!^iiri^S^^^N; 

2(M9«<1999 7 








Jp 
Jp 


■^VT4iSgB59i■Ai;;■ - 
2899134 B 


.■■ ■ ifeia-i^Sf^ ■.: 

.. 02N)6-I999 








Jp 


4361047 A 


14^12-1992 








JP 


2899135 B 


02-06-1999 








JP 


4361049 A 


. .: 14^12-1992 








Jp 


2899136 B : 


(»-(J6*19«9 : 








Jp. 


4361050 A 


■'•■•.■.14^i2^l99^-.N 








JP 


: 4361051: A 


. .:i4^l2Ti9M- 








Jp 


2919640: B: = 


12-07-1999 








JP 


4361053 A 
2S7i64l B 


14^12-^1992 








Jp 


31-03-1999 








JP 


4361654 A 


14-12-1992 








JP 


2919641 B 


.12-67-1999 








JP 


4361055 A 


14-12-1992 








JP 


2885963 B 


26-K)4-1999 








JP 


4361056 A 


14-12-1992 








AT 


178839 T 


15-04-1999 








DE 


69228896 D 


20-05-1999 








DE 


69228896 T 


16-09-1999 








EP 


0517519 A 


09-12-1992 








ES 


2131521 T 


01-08-1999 








AU 


690964 B 


07-05-1998 








AU 


1797695 A 


06-07-1995 








AU 


657328 B 


09-03-1995 


i 






AU 


1804892 A 


17-12-1992 



§ For more details atxjut this annex : see Official Journal of the European Patent OfTtoe. No. 12/82 



19: 



EP 0 974 467 At 



ANNEX tOTHE EUBOPEAN SEARCH REPO^R^^ 
ON EVRQPEAN PAI^E^ 



EP 99 20 2242 



or!ftf fWiM^rel^ngto thepatert documents cited In the abovd-merifioned European search repoct • 
The mombeis are ascomained in thefgui^ vh« , «««« repoo. 

The EurppeanPatemOffic^e Is In no wsqfrflabie ibr these particulars which are mereiy^en (or the purp<»e of mfonnation. 

22-1K1999 



Patent document 
cited in search report 



Pubiicatk>n 
data 



Patent family 
niember(s) 



Publication 



EP 0517521 



US 5587730 



24-12-1996 



CA 


2070355 A 


US 


5844582 A 


US 


5777640 A 


US 


5430469 A 


AT 


157047 T 


DE 


69221672 D 


D£ 


69221672 T 


EP 


0517520 A 


ES 


2104833 T 


US 


5650803 A 


JP 


5155037 A 


NONE 



06- 12-1992 
01-12-1998 

07- 07-1998 
04-07-1995 

15- 09-1997 
25-09-1997 
ljB-12-1997 
09-12-1992 

16- 10-1997 
22-07-1997 
22-06-1993 



S For more details about this annex : see Official Journal of the European Patent Ofnce, No. ^2/B2 



20 



